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Abstract
In order to assess the effect of uncertainty on the operational performance of a mechanical multi-
body system, a large amount of simulations need to be performed. In the case of external input
uncertainty this is relatively straightforward, but design uncertainties pose considerably greater
problems. One of the difficulties in this case, is the often implicit dependence of the system dy-
namics on the design parameters. This indicates that often a new model needs to be constructed for
each parameter point, possibly compromising the computational efficiency. Moreover, multibody
simulation is often computationally expensive. These two facts are especially true in the case of
flexible multibody simulation where the model is usually based on finite elements models of the
components which are parameterized. The nonlinear character and highly dynamic behaviour of
these systems lead to prohibitively long simulation times for Monte-Carlo type methods.
In this research, model reduction techniques are proposed to reduce the computational load to
an acceptable level for uncertainty evaluations. Over the past decade(s) considerable research
effort was spent on the development of component-level model reduction techniques, such as
floating-frame-of-reference component mode synthesis (FFR-CMS) [4]. However, more recently
a system level model reduction technique, Global Modal Parameterization, was developed which
greatly increases computational efficiency over component level methods [2, 3]. However the
GMP-approach currently does not support parameter dependence, which means a new reduced
model should be constructed for each parameter, which would prove to be numerically very costly.
Several researchers have been focusing on the development of parametric model order reduction
techniques [1]. For general parameterizations, the sampling-interpolation based methods seem
the most promising. In this framework different sampling and interpolation schemes have been
developed which enable the efficient evaluation of parameterized linear reduced models.
In this research the two previously mentioned reduced modeling approaches are merged in order
to create a parametric nonlinear system level model reduction technique for flexible multibody
simulation. This new method is referred to as parametric Global Modal Parameterization (pGMP).
This reduction approach consists of several steps:
• Pre-processing: During this phase, a sample space for the uncertain parameter is first con-
structed. For each parameter sample, a second sampling is performed in the nonlinear rigid
motion space of the mechanism, as described by the GMP formalism. For this multidimen-
sional grid (parameters and rigid motion) the linearized system matrices are computed and
reduced according to linear model reduction schemes. Special attention is given to the use
of compatible reduction spaces in order to avoid mode-veering issues.
• Simulation: In the case of uncertainty evaluation of nonlinear systems, the simulation is
often based on a Monte-Carlo approach. However the visited points might not be present in
the sampling grid, such that interpolation between the locally reduced models is required.
For the parameter dependency, the interpolation is performed on the nonlinear GMP model
at the start of each simulation run. During the simulation run, a dynamic interpolation is
applied between the locally reduced system matrices, which allows to recover the nonlinear
behavior of the multibody system.
• Post-processing: Finally the reduced models can be projected back onto their unreduced
degrees-of-freedom and the results of interest can be analyzed.
The proposed approach is demonstrated on a numerical example of a flexible planar slider-crank
mechanism. The system has uncertain crank length and is subject to a known input torque on
the crank. A probability distribution of the output position of the slider is constructed through a
basic Monte-Carlo simulation using both the unreduced and reduced model. The proposed pGMP
approach is shown to provide a considerable speed up even for this relatively simple example while
still providing good accuracy.
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